Falling can lead to severe health issues in the elderly and importantly contributes to morbidity, death, immobility, hospitalization, and early entry to long-term care facilities. The aim of this study was to devise a recurrent fall prevention program for elderly women in rural areas.
Background
Worldwide, the number of people over 60 years old is growing faster than in any other age group and is expected to grow from 688 million in 2006 to almost 2 billion by 2050 [1] . The main reason for this substantial demographic change are higher life expectances and declining birth rates [2] . This expected increase in the proportion of older adults is important from a public health perspective, as aging is generally associated with a progressive decline in physical and psychological health, increased risks of disability, dependency, and in the number of comorbidities [3] [4] [5] . This decrease in health status is primarily responsible for one of the most common and serious public health problems -falls. Thus, the prevention of falls presents a considerable public health challenge. Falls and injuries in older people are common causes of morbidity and mortality, loss of independence, and poor quality of life [6] [7] [8] . Given increases in longevity worldwide, the health burden and costs associated with falls are certain to rise [9] .
The incidence of falls among older people is high; about onethird of community-dwelling elderly and as many as threefourths of nursing home residents fall each year [6, 9] . Of those who fall, 50% have recurrent falls [10, 11] . Furthermore, with increasing age, the fall rate can increase to 60%. In fact, 8-10% of annual admissions to emergency departments concern fall-related trauma. In addition, falls are responsible for 56% of hospitalizations for trauma and for 6% of urgent hospitalizations in patients older than 65 years [8, 12] , and 5-10% of these older patients have fractures, concussions, or injuries [13, 14] . About 1% of older patients that fall have a femur fracture, which has a 1-year mortality rate of 20-30% and has a substantial negative impact on functional capacity [15] . It has been reported that 17% of individuals over 65 in South Korea have experienced a fall during the previous year and that 66% fear falling [16] . In addition, it has been reported that 62% of injured patients aged over 65 and 81% of those over 85 are hospitalized due to falling [17] . The locations of fall fractures in patients older than 65 have been reported to be the femur (52.8%), the tibia (14.2%), and the radius (7.5%) [18] . Thus, a fall by an elderly individual can lead to morbidity, death, immobility, hospitalization, or early entry to long-term care [10, 19] . In addition to direct physical damage, a fall can have a serious emotional effect. Elderly that have fallen may experience difficulties living an independent life due to decreased mobility caused by the fear of falling and loss of self-confidence [20] . Those that have fallen restrict their activities of daily living due to the psychological anxiety, and consequently, their functional condition deteriorate [9, 21, 22] . Furthermore, fall recurrence results from a shortened or an irregular stride, slow walking, and reduced static and perceived balance [6, 12, 20] . A study in Canada reported that 33% of elderly dwelling in a local community had experienced a fall, and that 42.4% of these had experienced more than 1 fall [23] . In South Korea, research has shown that 44.2-53.8% of the elderly who have fallen will experience more than 2 subsequent falls [24, 25] .
Falls by the elderly cause physical and psychological deterioration and impede the activities of daily living by restricting social activities, which lead to fall recurrence. Especially, the elderly who have fallen have psychological problems such as fear of falling, loss of self-confidence, and depression due to the previous experience of falling [26] [27] [28] . Therefore, it is necessary to provide not only an exercise program to increase their muscle strength and balance, but also an educational program to reduce the fear of falling and depression and improve their selfconfidence for preventing fall recurrence. Furthermore, due to their insufficient social and economic environments, elderly living at home in rural communities have less access to treatment and education for their recovery of physical and psychological impairments caused by falling than those who live in urban communities or care facilities. However, there is little research available with which to develop recurrent fall prevention programs combining exercise and education in the elderly, especially those at home in rural communities. Accordingly, the aim this study was to investigate the effects of a recurrent fall prevention program of combined physical exercise and psychological education in frail elderly living at home in rural communities.
Material and Methods

Subjects
Of the 83 potential elderly female participants who were informed of the goals and overall protocol of this study and who agreed to participate, 70 elderly women that met the selection criteria were included, and were assigned randomly to either the experimental group (n=35) or the control group (n=35). They were recruited by word of mouth. The subjects were assigned to the 2 groups by having each of the subjects take out 1 card from a box containing 2 types of cards representing the 2 groups. Of the subjects in the experimental group, 4 who did not participate in the program for more than 80% of the scheduled time were excluded. Of those in the control group, 4 who did not participate in the post-test were excluded ( Figure 1 ). The inclusion criteria applied were: age of over 65 years; residence in rural areas; at least 3 falls during the previous year; the ability to exercise; and no mental health issues, including no diagnosis of dementia or cognitive impairment, and no psychoactive medication. Of the subjects in the experimental group, 4 who did not participate in the program for more than 80% of the scheduled time were excluded. Of those in the control group, 4 who did not participate in the post-test were excluded. Thus, the size of the study cohort was 62 -experimental group (n=31) and control group (n=31). The general characteristics of the subjects are shown in Table 1 . There was no significant difference in age, height, weight, or body mass index (BMI) between the 2 groups. All protocols and procedures were approved by the Institutional Review Board of Sahmyook University and all subjects signed a statement of informed consent.
Measurements
Heel rise test
We assessed the muscle strength and endurance of the ankles and the lower extremities by measuring the time taken to raise and lower the heels 10 times while sitting on a chair and standing holding a chair. Lower values indicate greater muscle strength and endurance [29, 30] .
Balance
Balance refers to ability to maintain the body in a state of equilibrium, and is classified as static or dynamic. The former is defined as the ability to maintain equilibrium in 1 position without movement, whereas the latter is defined as the ability to maintain certain positions while in motion. In this study, static balance was assessed by using the single-leg stance [31, 32] , and dynamic balance was assessed using the time achieved in the 3 meter Time Up and Go (TUG) test [33] . Accordingly, high static balance times and low dynamic balance times indicate good balance.
Depression
The Short form of the Geriatric Depression Scale (SGDS)-Korean Version was used to measure the level of depression. The SGDSKorean scale was translated by Song (1991) from the standardized Geriatric Depression Scale: Short form, which was originally developed by Sheikh and Yesavage (cited in Song, 1991), was used to measure depression. The SGDS-Korean Version is a 15-item questionnaire with a dichotomous yes/no scale. Positive items that elicit positive or negative responses are scored as '0' or '1', respectively, and negative items that elicit positive or negative responses are scored as '1' or '0', respectively. A higher score indicates more severe depression. Cronbach's a for the instrument was reported to be 0.89 when first introduced, and in the present study Cronbach's a was 0.86.
Compliance with fall preventative behavior
Fall preventative behavior was scored using the instrument developed by Gu et al. [34] . This is a 14-item questionnaire, which addresses the safe wearing of shoes and socks, safe walking and daily life habits, limited consumption of alcohol, object placement, and taking medication. All items are scaled dichotomously based on responses as yes (2 points) or no (1 point). Scores range from a minimum of 14 to a maximum of 28, and a higher score indicates greater compliance. Park et al. have reported a Cronbach's a for this instrument of 0.78. In the present study, Cronbach's a was 0.79.
Fear of falling
Fear of falling was assessed using the 4-point Likert scale. Subjects' responses to the question "Do you fear falling?" were; 'Not at all' (1 point), 'A little' (2 points), 'Fairly' (3 points), and 'Very much' (4 points).
Fall self-efficacy
Fall self-efficacy was measured using the Fall Efficacy Scale (FES) adapted by Chang (2005). The FES was originally developed by Tinetti, Richman, and Powell (1990) (cited in Chang, 2005). The instrument contains 10 items that address fear of falling during activities of daily living, such as taking a bath or shower, house cleaning, walking, and performing personal care activities. The instrument is scored using a 1-10 Likert-type scale, where 10 represents maximum confidence and 1 represents minimal confidence. The total possible score ranges from 10 to 100, and a higher score indicates a higher level of fall self-efficacy. The internal consistency, Cronbach's a, for the instrument has been reported to be 0.93 (Chang, 2005) and in the present study it was 0.88.
Intervention
Development of the recurrent fall prevention program
The recurrent fall prevention program was developed for elderly women aged >65 years in rural areas. The program included education and exercises based on previous studies [34, 35] and the current status of recurrent fall risk factors in elderly women in local community [36] . The program was conducted over a 12-week period with 1 education session and 3 exercise sessions per week for 80 min per session. The education session addressed topics including the definition of falling, the cause of falling, the consequences of falling, recurrent falls and the home environment, medicine, nutrition, depression, ways of preventing recurrent falls, and emergency coping strategies. The exercise sessions were developed based on Korean traditional dances and involved exercises to promote muscle strength, endurance, and balance. During the first 4 weeks, the emphasis was placed on learning the exercises. During weeks 5 and 6 (the maturity phase), the program was focused on teaching exercises to increase exercise accuracy. Finally, weeks 7 to 12 were viewed as a maintenance exercise period. The recurrent fall prevention program is described in detail in Table 2 .
Application of the recurrent fall prevention program
The recurrent fall prevention program was performed by a principle investigator and research assistants at a public health center in B-gun, Chungcheongbuk-do. Subjects participated in the recurrent fall prevention program for 12 weeks. Control group subjects were tested at the same public health center before the program began and at 12 weeks. After the recurrent fall prevention program had been completed, it was continued for subjects in the experimental group.
Data collection
Data was collected at the public health center mentioned above from March 4 to May 31, 2012. Baseline measurements were made of the experimental and the control groups a week before the program began. The same measurements were repeated after the program was completed.
Statistical analysis
Sample size estimation G-Power 3.1 software was used to calculate the sample size required so that a reasonable expectation would be to detect an expected effect size of 0.8 between the groups. A sample size of 52, with 26 subjects per group, and with 80% power was applied in the study. Fifty-two participants were required to show statistical significance when clinically significant differences between the groups were present. Additional subjects were recruited to provide for unanticipated attrition.
Data analysis
Data was analyzed using SPSS version 18.0. General characteristics and fall-related outcome measures were summarized using means, standard deviations (SD), frequencies, and relative frequencies. The Pearson's chi-square test of independence and the independent t-test were used to compare general characteristics. The paired t-test was used to compare outcome measures between pre-and post-intervention, and then the mean differences between pre-and post-intervention were compared between the groups using an independent t-test. 
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This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License reduction from pre-to post-test were also significantly different between the 2 groups (p<.001, Table 4 ). On average, a 24% decrease was shown in the experimental group versus a 15% decrease in the control group (Figure 1) . Similarly, when comparing heel rise test results of the lower extremity between the pre-and post-test, the index was significantly decreased in both groups. The experimental group showed more reduction compared to the control group (18% vs. 11.5%, p=.002 vs. p=.02). Also, depression score and fear of falling showed a decrease in both groups. Dynamic balance showed a significant time reduction between pre-and post-test in the experimental group, but there was no significant change in the control group (p=.003 vs. p=.38) (Figure 3) . However, static balance did not show any changes in either group and there was also no significant difference in mean reduction from pre-and post-test between the groups (p=.24). The depression score and fear of falling showed a decrease in both groups and there was significant difference in mean reduction between the 2 groups (Table 4) . Compliance with preventive behavior related to falls and fall self-efficacy were significantly changed in the experimental group but not in the control group.
Discussion
In the present study, we aimed to develop a recurrent fall prevention program and to examine its effectiveness in elderly women residing in rural areas, by comparing those who participated in the recurrent fall prevention program with matched controls. We found that the devised recurrent fall prevention program was effective in terms of ankle and the lower extremity muscle strength and endurance, dynamic balance, depression, compliance with preventive behavior related to falls, fear of falling, and fall self-efficacy.
This study shows that subjects in the experimental group had significantly improved muscle strength and endurance of ankles and of the lower extremities, and in dynamic balance, as compared with the control group. These results are consistent with those of previous studies of a 4-week program composed of 2 daily exercises for 5 days per week [37] ; a 12-week program composed of muscular exercise, balance exercise, and mental health education [6] ; a 12-week group exercise program and an 8-week self-management exercise program [38] ; a 12-week program designed to promote muscle strength, balance, and physical function [20] ; and a 16-week program composed of 3 customized exercise sessions per week to prevent falls [34] . In all of the above-mentioned studies, it was reported that heel rise test and balance were significantly improved. In particular, previous studies have suggested that multifactorial fall interventions adopt a similar approach to assessing falls risk factors and devising an appropriate fall-prevention plan, and are therefore well suited to integration within 
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existing and developing structures of coordinated care [39] . This study showed significant increases were achieved using a multifactorial intervention program that took into account multiple aspects, such as muscle strength and endurance, balance, and psychological perspective. During the aging process, physical activity is reduced and muscle strength and endurance is lost due to a reduction in skeletal muscle mass. Balance is also reduced due to reductions in the conduction rate of the nervous system and loss of body equilibrium. The devised program strengthens ankle, leg, and overall muscle strength and improves balance.
In terms of the influence the recurrent fall prevention program had on psychological function related to falling, this study showed the effectiveness of the devised program by presenting significant reductions in both depression and fear of falling scores and significant increases in the fall self-efficacy scores. Generally, the activity range in the elderly that have fallen is decreased due to the fear of falling, physical damage, and difficulty caused by falling. Social activities are also reduced and fear of falling and depression are increased; thus, elderly that have fallen become caught in a vicious cycle that further decreases fall self-efficacy [6, 20, 40] . The present study involved exercises to improve muscle strength, endurance, balance ability, and mental health education, and produced results that would reduce fall risk [6, 12, 21, [39] [40] [41] . Furthermore, it improved fall self-efficacy by reducing the fear of a recurrent fall, increasing physical and social activities, and decreasing depression. Fear of falling and fall self-efficacy, in particular, are the significant factors of a recurrent fall. As these 2 factors were found to be positively influenced, our findings support the merits of the devised recurrent fall prevention program and suggest that recurrent fall prevention programs should be developed to address psychological challenges. We believe that depression was reduced because the program required subjects to sing familiar songs, such a, folk songs and pop songs, while performing exercises. Thus, we support the inclusion of psychological interventions based on music or laughter therapy in such programs [42] .
After intervention, compliance with preventive behavior related to falls was found to be significantly higher in the experimental group than in the controls. This result is consistent with the findings of previous research in which an animated video was repeatedly shown to promote fall preventative behavior [35] and a study on the effects of 6 weeks of group education based on PowerPoint presentations at a community welfare center [43] . These previous studies reported similar results showing significant increases in compliance with preventive behavior related to falls. In the present study, subjects were taught how to prevent recurrent falls in group education sessions, and fall prevention behaviors were checked for in previous weeks on a weekly basis, which provided an opportunity to re-educate subjects on topics and encourage them to adopt these behaviors. Moreover, the program provided subjects with practical education based on video demonstrations or PowerPoint presentations. The above-mentioned observations suggest that group and individual education are required to increase compliance with preventive behavior related to repeat falls, and that compliance with preventive behaviors must be checked to facilitate re-education during recurrent fall prevention programs.
Conclusions
This study investigated the effects of a recurrent fall prevention program on risk factors in elderly women with a fall history. Muscle strength and endurance of the ankles and the lower extremities, static balance, dynamic balance, depression, compliance with preventive behavior related to falls, fear of falling, and fall self-efficacy at baseline and immediately after the program were assessed. We showed that the recurrent fall prevention program described effectively improves muscle strength and endurance, balance, and psychological aspects in elderly women with a fall history.
